












ຊߘ͸ɼҩྍधཁ෼ੳͰ༻͍ΒΕΔ count data Ϟσϧʹ͓͚Δɼ୯Ұͷओମ͕ड਍
Λܾఆ͢Δͱ͍͏1ஈ֊ͷҙࢥܾఆԾઆͱɼड਍͢Δ͔൱͔ͱ͍͏ܾఆͱɼͦͷޙͷड





ͷ΋ͷ͕ಉ౳ͳύϑΥʔϚϯεΛࣔͨ͠ɻ2ʣɼ 2 ͭͷԾઆ͕ࠞࡏ͢Δ ﬁnite mixture Ϟ
σϧͱɼ1 ஈ֊ͷҙࢥܾఆԾઆʹجͮ͘Ϟσϧͷɼ1 ͭͷཁૉີ౓ͷਪఆ݁Ռ͸ಉ͡܏
޲Λࣔͨ͠ɻ3ʣ ɼཁૉີ౓ͷ෼෍ΛΈΔݶΓɼFM-NB1 ͱ FM-HNB1-NB1 Ϟσϧ͸ࣅ
ͨߏ଄Λ΋͍ͬͯΔɻ͜ΕΒͷ݁Ռ͔Βɼ1 ஈ֊ͷҙࢥܾఆԾઆͷ ﬁnite mixture Ϟσ
ϧ͸ඞͣ͠΋࠷ળͷબ୒Ͱͳ͘ɼຊߘͰఏࣔͨ͠ 2 ஈ֊ͷҙࢥܾఆ΋ߟྀͯ͠ਪఆΛ
ߦ͍ɼड਍ߦಈͷಛఆԽΛߦ͏ඞཁ͕͋Δɻ

















1Pohlmeier and Ulrich (1995) ͸ɼPoissonɼnegative binomial (NB) ʹ୅ද͞ΕΔ 1 ஈ֊ͷ
ҙࢥܾఆԾઆͱɼhurdle NB (HNB) ʹ୅ද͞ΕΔ 2 ஈ֊ͷҙࢥܾఆԾઆͷൺֱ෼ੳΛߦ͍ɼ
2 ஈ֊ͷҙࢥܾఆԾઆͷํ͕Ϟσϧͷଥ౰ੑ͕ߴ͍͜ͱΛࣔͨ͠ɻ͜Εʹର͠ɼDeb and
Trivedi (1997) ͸ National Medical Expenditures Survey (NMES) Λ༻͍ɼ1 ஈ֊ͷҙࢥܾఆ
ԾઆΛ ﬁnite mixture (FM) Ϟσϧʹ֦ுͨ͠΋ͷͱɼHNB ϞσϧͷൺֱΛߦ͍ɼલऀͷ
ํ͕ߴ͍ύϑΥʔϚϯεΛ࣋ͭ͜ͱΛ໌Β͔ʹͨ͠ɻޙड़͢Δ FM Ϟσϧͱ͸ɼ݈߁ਫ४
ͳͲʹ୅ද͞ΕΔ؍࡯ෆՄೳͳݸਓͷҟ࣭ੑΛɼ2 ͭҎ্ͷີ౓ؔ਺ʹ෼཭͢Δ͜ͱͰਪ
ఆ͢Δͱ͍͏ํ๏Ͱ͋Δɻ1 ஈ֊ͷҙࢥܾఆԾઆͱʢओʹ HNB ϞσϧΛ༻͍Δʣ 2 ஈ֊
ͷҙࢥܾఆԾઆͷݕূ͸ɼ͜ΕҎ߱੝ΜʹߦΘΕɼྫ͑͹ Jemernez-Martin, Labeaga, and
Matinez-Granado (2002) ͸ EU ՃໍࠃͷؒͰͷ gatekeeper ͷ༗ແʹண໨͠ɼ2 ͭͷҙࢥܾఆ
ԾઆͷൺֱΛߦ͍ɼgatekeeper ͕͋Δࠃ͸ 2 ஈ֊ͷҙࢥܾఆԾઆͰۙࣅ͞ΕΔ͜ͱΛࣔ͠




อ੍݈౓ʹద༻͞ΕΔ͜ͱʹΑΔड਍ͷมԽΛɼ·ͨ૿ݪɾଜ੉ʢ2004ʣ͸ 1999 ೥ 7 ݄
ʹ࣮ࢪ͞Εͨ࿝ਓอ݈ద༻ऀ֎དྷༀࡎඅҰ෦ෛ୲ແྉԽͷޮՌΛ૒ํͷԾઆ͔Βݕূͯ͠
͍Δɻ




Ε͍ͯΔ FM Ϟσϧͱ͸ɼ1 ஈ֊ͷҙࢥܾఆԾઆΛۙࣅ͢ΔϞσϧ͕Ծఆ͞Ε͍ͯΔɻྫ
͑͹গස౓ױऀɾଟස౓ױऀͱ͍͏ 2 ͭͷάϧʔϓͷ৔߹ɼ྆ऀͱ΋ʹ 1 ஈ֊ͷҙࢥܾఆ
ԾઆʹͳΔͷ͕ɼDeb and Trivedi (1997) Ҏདྷͷ఻౷తͳߟ͑ํͰ͋Δɻ2 ͭͷάϧʔϓͱ
΋ʹ 2 ஈ֊ͷҙࢥܾఆԾઆʹैͬͨΓɼͲͪΒ͔ 1 ͭͷάϧʔϓ͸ 1 ஈ֊ͷҙࢥܾఆԾઆ
Ͱɼ΋͏ 1 ͭͷάϧʔϓ͸ 2 ஈ֊ͷҙࢥܾఆԾઆʹै͏ͱߟ͑Δͷ͸ۃΊͯࣗવͳ͜ͱͰ
͋Δɻͱ͜Ζ͕ɼࠓड़΂ͨΑ͏ͳ 2 ஈ֊ͷҙࢥܾఆԾઆΛ໌ࣔతʹऔΓѻͬͨ FM Ϟσϧ
ʹΑΔਪఆ͸ɼݱࡏͷͱ͜Ζଘࡏ͠ͳ͍ɻ͜ͷΑ͏ͳࢼΈ͕ߦΘΕͳ͔ͬͨཧ༝ͷ 1 ͭͱ
ͯ͠ɼFM Ϟσϧͷऩଋܭࢉͷࠔ೉͞΋ڍ͛ΒΕΑ͏ɻ
ͦ͜ͰຊߘͰ͸ɼ2 ஈ֊ͷҙࢥܾఆԾઆ΍ 2 ͭͷԾઆ͕ࠞࡏ͢ΔΑ͏ͳΑΓ൚༻తͳ FM
ϞσϧΛߏங͢Δɻͦͯ͠ Deb and Trivedi (1997) ͱಉҰͷσʔλΛ༻͍ͯɼ֬ఆతΞχʔ
Ϧϯά EM ΞϧΰϦζϜΛ FM Ϟσϧͷऩଋܭࢉͱͯ͠࠾༻͠ɼຊߘͰఏࣔ͢Δ FM Ϟσ
ϧͱैདྷͷ΋ͷΛਪఆ͢Δɻ͞Βʹ৘ใྔج४ͱద߹౓ݕఆʹΑΓϞσϧબ୒ΛࢼΈɼै
དྷͷ 1 ஈ֊ͷҙࢥܾఆԾઆͷΈͷ FM Ϟσϧ͸ඞͣ͠΋ύϑΥʔϚϯε͕Α͍Θ͚Ͱͳ͘ɼ
ຊߘͰఏࣔ͢Δ 2 ஈ֊ͷҙࢥܾఆԾઆΛߟྀͨ͠ FM Ϟσϧ͕ɼ৔߹ʹΑͬͯ͸͜ΕΛ྇
2կ͢Δ͜ͱΛࣔ͢ɻ
ҎԼɼୈ 2 અͰҩྍधཁͷਪఆͰ༻͍ΒΕΔ count data ϞσϧΛ֓؍͠ɼͦΕΛ౿·͑
ͨ͏͑Ͱຊߘͷಛ௃Ͱ͋Δ 2 ஈ֊ͷҙࢥܾఆԾઆͱͯ͠ͷ FM ϞσϧΛࣔ͢ɻଓ͍ͯୈ 3
અͰɼFM Ϟσϧͷਪఆʹ༻͍ΒΕΔ֬ఆతΞχʔϦϯά EM ΞϧΰϦζϜʹ৮Εɼͦͷ
ಛ௃Λ໌Β͔ʹ͢Δɻୈ 4 અͰ͸࣮ࡍͷσʔλΛ༻͍ͯਪఆΛߦ͍ɼ৘ใྔج४ɼద߹౓
ݕఆʹΑΔϞσϧબ୒ʹ͍ͭͯٞ࿦͠ɼ1 ஈ֊ͱ 2 ஈ֊ͷԾઆͷ FM Ϟσϧͷಛ௃Λ໌Β
͔ʹ͢Δɻ࠷ޙʹຊߘͷ·ͱΊΛࣔ͢ɻ
2 ҩྍधཁ෼ੳʹ͓͚Δ count data Ϟσϧ
2.1 Hurdle Ϟσϧ
2 ஈ֊ͷҙࢥܾఆԾઆ Λۙࣅ͢Δ hurdle Ϟσϧ1)ͱ͸ɼҩྍػؔͰड਍͢Δ͔൱͔ͱ͍
͏ 0 ͔ 1 ͔ͷબ୒ʹؔͯ͠ɼfH ͱ͍͏ྦྷੵ෼෍ؔ਺ʹै͍ɼͦͯ͠Ұ౓ड਍ͨ͠ޙԿճड
਍͢Δ͔͸ 0 Ͱ truncate ͞Εͨ fT ͱ͍͏ີ౓ؔ਺ʹै͏ͱԾఆ͞ΕΔɻyi,i = 1,···,N Λ
ඃઆ໌ม਺ͱͳΔ count dataɼxi ∼ K ×1 Λઆ໌ม਺ͷϕΫτϧͱ͢Δͱɼ͜ͷ hurdle Ϟσ
ϧͷ֬཰ີ౓ؔ਺͸ҎԼͷΑ͏ʹද͢͜ͱ͕Ͱ͖Δɻ
f (yi) = fH (0)di 
(1 − fH (0)) × fT (yi |yi > 0)
1−di . (1)
di = 1 − min(1,yi) Ͱ͋ΓɼfT (yi |yi > 0) = fNB(yi)/(1 − fNB(0)) ͱॻ͘͜ͱ͕Ͱ͖Δɻ ʢ1ʣ
͔Β༰қʹΘ͔ΔΑ͏ʹɼ(1 − fH (0)) ΛΧοίͷ֎ʹग़͢ͱɼ2 ஋બ୒ͱ 0 Ͱ truncate ͞







ͱ logit ϞσϧΛԾఆ͢Δɻଞํ 0 Ͱ truncate ͞Εͨ෦෼ʹ͍ͭͯ͸ɼ
fNB(yi) ʹ negative binomial ϞσϧΛԾఆ͠ɼ























NBµiNB Ͱ͋ΔɻβH,βNB ∼ K × 1 ͸ύϥϝʔ
λʔϕΫτϧɼαNB͸ NBϞσϧͷ܎਺Ͱ͋Δɻ͜ͷϞσϧΛ hurdlenegativebinomial(HNB)
Ϟσϧͱ͍͍ɼ͞Βʹ yi ͷ෼ࢄͷܗঢ়ʹΑΓɼ2 ͭͷϞσϧʹ෼ྨ͞ΕΔɻp = 1 ͷͱ͖෼
ࢄ͕ 1 ࣍ࣜͱͳΓɼ͜ΕΛ HNB1 Ϟσϧɼp = 0 ͷͱ͖͸෼ࢄ͕ 2 ࣍ࣜͱͳΓ HNB2 Ϟσ
ϧͱݺ͹ΕΔ2)ɻHNB Ϟσϧʹ͓͚Δ yi ͷฏۉ͸ɼE(yi) = (1 − fH (0))µiNB/(1 − fNB(0))
Ͱ͋Δɻ
͜ͷ hurdle Ϟσϧͷ 1 ͭͷܦࡁֶతͳղऍͱͯ͠ɼड਍͢Δ͔͠ͳ͍͔͸ױऀ͕ܾఆΛ͠
ʢcontract decisionʣ ɼͦͷޙԿճड਍Λ͢΂͖͔͸ओʹҩࢣ͕ܾఆ͢Δʢfrequent decisionʣ
1)T w op a r tm o d e l( T P M )ͱ΋ݺ͹Ε͍ͯΔ͕ɼຊߘͰ͸ hurdle ϞσϧͰ౷Ұ͢Δɻ
2)ಉ༷ʹ௨ৗͷ NB ϞσϧͰ΋ɼ෼ࢄͷߏ଄ʹΑΓ NB1 ͱ NB2 ͱ͍͏ 2 ͭͷϞσϧʹ෼ྨ͞ΕΔɻ
3ͱ͍͏ҙࢥܾఆԾઆΛۙࣅ͢Δͱ Pohlmeier and Ulrich (1995)ɼGerdtham (1997) Β͸ओு




2.2 Finite Mixture Negative Binomial Ϟσϧ
Count data ͷجຊϞσϧͱͯ͠Α͘༻͍ΒΕΔ Poisson Ϟσϧͱɼ͜Εʹ Gamma ෼෍
ʹै͏ޡ߲ࠩΛԾఆͨ͠ negative binomial ϞσϧΛɼݸਓͷ؍࡯ෆՄೳͳҟ࣭ੑΛߟྀ͠ɼ
ଟස౓ױऀɼগස౓ױऀͱ͍͏Α͏ͳ 2 ͭҎ্ͷαϒάϧʔϓʹ෼཭ͯ͠෼ੳ͢Δ΋ͷΛ
ﬁnite mixture (FM) Ϟσϧͱ͍͏ɻͭ·Γ FM ϞσϧͰ͸౷ܭతͳنଇੑΛ 1 ͭʹݶఆͤ
ͣɼྫ͑͹গස౓ױऀɼଟස౓ױऀͷड਍ߦಈͷΑ͏ʹ 2 ͭҎ্Ͱߟ͑Δͱ͍͏΋ͷͰ͋
Δɻજࡏతͳαϒάϧʔϓʹ෼཭͢Δ͜ͱͰɼ؍࡯ෆՄೳͳ heterogeneity Λଊ͑ɼNB Ϟ
σϧͷద߹ͷѱ͞Λվળ͢Δ͜ͱ͕Ͱ͖Δɻ
͜͜Ͱ πj, j = 1,···, J Λɼ͋Δαϯϓϧ͕αϒαϯϓϧ j ʹଐ͢Δ֬཰ʢࠞ߹ൺʣͱ͠
Α͏ɻͨͩ͠
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j µij Ͱ͋Δɻβj ∼ K × 1 ͸֤ཁ
ૉີ౓ؔ਺ͷύϥϝʔλʔϕΫτϧɼαj ͸ NB Ϟσϧͷ܎਺Ͱ͋ΔɻHNB Ϟσϧಉ༷ʹɼ
p = 1 ͷͱ͖͸ FM-NB1 Ϟσϧɼp = 0 ͷͱ͖Λ FM-NB2 Ϟσϧͱ͍͏ɻFM-NB Ϟσϧʹ
͓͚Δ yi ͷฏۉ͸ɼE(yi) =
	J
j=1 πjµijͰ͋Δɻ
Hurdle Ϟσϧ͸ɼະड਍ऀͱड਍ऀͷΈΛ෼཭͢Δ͕ɼFM-NB Ϟσϧ͸ࠞ߹ൺ πj ͱ͍
͏જࡏม਺ʢlatent variableʣΛ༻͍ͯɼগස౓ױऀɾଟස౓ױऀͱ͍͏Α͏ͳ 2 ͭҎ্ͷ
αϒάϧʔϓʹ෼཭͢Δ͜ͱ͕Ͱ͖Δɻ͕ͨͬͯ͠ҩྍधཁͷ෼ੳΛ͢Δ͍͞ʹ͸ɼπj Λ
͋Δछͷ݈߁ঢ়ଶͱͯ͠ղऍ͕ՄೳͱͳΔɻ͜ͷϞσϧ͸ଟස౓ױऀɾগස౓ױऀͳͲͷ




Ұͷओମ͕ܾఆ͢Δ΋ͷͱղऍͰ͖Δɻͦ͜ͰຊߘͰ͸ FM-NB ϞσϧΛ 1 ஈ֊ͷҙࢥܾ
ఆԾઆͱݺͿ͜ͱʹ͢Δ4)ɻ
2.3 1 ஈ֊ͱ 2 ஈ֊ͷҙࢥܾఆԾઆͷࠞࡏͨ͠ Finite Mixture Ϟσϧ
্هͷ count data ϞσϧΛදʹ·ͱΊͨ΋ͷ͕ɼද 1 Ͱ͋Δɻॎ࣠ʹҙࢥܾఆԾઆ͕ɼԣ
࣠ʹࠞ߹෼෍ͷݸ਺͕ද͞Ε͍ͯΔɻࠞ߹෼෍ͷݸ਺͕ 1 Ͱɼ1 ஈ֊ͷҙࢥԾઆʹ෼ྨ͞
ΕΔͷ͕ɼcount data ͷجຊϞσϧͰ͋Δ PoissonɼNB ϞσϧͱͳΔɻ·ͨ 2 ஈ֊ͷҙࢥ
ܾఆԾઆͰࠞ߹෼෍ͷݸ਺͕ 1 Ͱ͋Δ΋ͷ͕ɼHNB ϞσϧͱͳΔɻ͜Εʹରͯ͠ɼHNB
ϞσϧͱͷରൺͰ࢖༻͞ΕΔ FM-NB Ϟσϧ͸ɼࠞ߹෼෍ͷݸ਺͕ 2 Ҏ্Ͱɼ1 ஈ֊ͷҙ
ࢥܾఆԾઆʹ෼ྨͰ͖Α͏ɻ
<< ද 1 ૠೖ >>
Deb and Trivedi (1997) ͔Β࢝·ΔҰ࿈ͷݚڀͰ͸ɼද 1 ͷҰ൪ӈͷ 2 ஈ໨ͷ FM-NB Ϟ
σϧͱதԝͷ 3 ஈ໨ʹ͋Δ HNB ϞσϧͷൺֱΛߦ͍ͬͯΔ͜ͱͱͳΔɻͱ͜Ζ͕ɼFM Ϟ
σϧʹ͓͍ͯ 2 ͭҎ্ͷάϧʔϓʹ෼ׂͯ͠΋ɼ1 ஈ֊ͷҙࢥܾఆԾઆʹै͏ͱԾఆ͠ɼ͜
ΕΛ 2 ஈ֊ͷҙࢥܾఆԾઆͰ͋Γͳ͕Βࠞ߹෼෍ͷݸ਺͕ 1 Ͱ͋Δ HNB Ϟσϧͱݕূ͢
Δͷ͸ۃΊͯෆࣗવͰ͋Δɻ͢ͳΘͪද 1 ʹ͓͍ͯɼFM-NB ϞσϧͷԼͷ 2 ͭͷྖҬΛߟ
͑Δ͜ͱͳ͠ʹɼൺֱΛߦ͖ͬͯͨͷͰ͋Δɻྫ͑͹ɼ2 ͭҎ্ͷάϧʔϓʹ෼཭ͯ͠΋ɼ
྆ऀͱ΋ʹ 2 ஈ֊ͷҙࢥܾఆԾઆʹै͏͜ͱ΋͋Ζ͏͠ɼͲͪΒ͔Ұํ͸ 1 ஈ֊Ͱɼଞํ
͸ 2 ஈ֊ͷҙࢥܾఆԾઆʹैͬͨड਍ߦಈͱͳΔ͜ͱ΋͋Ζ͏ɻσʔλͷൃੜաఔ͕ະ஌
Ͱ͋ΔҎ্ɼFM ϞσϧΛߟ͑Δ͍͞ʹ͜ΕΒΛআ֎͢ΔҙٛΛݟग़͢͜ͱ͸Ͱ͖ͳ͍ɻͦ
͜ͰຊߘͰ͸ɼલऀͷಛ௃Λ࣋ͭϞσϧΛ ﬁnite mixture hurdle NB (FM-HNB) Ϟσϧɼޙ
ऀͷಛ௃Λ༗͢ΔϞσϧΛ ﬁnite mixture hurdle NB NB (FM-HNB-NB) Ϟσϧ5)ͱݺͼɼ͜
ΕΒ 2 ͭͷϞσϧΛਪఆ͠ɼैདྷͷ HNB ͱ FM-NB ϞσϧͱͷൺֱΛߦ͏͜ͱͱ͢Δɻ





4)FM-NB ϞσϧΛɼDeb and Trivedi (1997, 2002)ɼGerdtham and Trivedi (2001) Ͱ͸ latent class model (LCM)
ͱݺΜͰ͓Γɼ௚઀ 1 ஈ֊ͷҙࢥܾఆԾઆͱ͸ݺΜͰ͍ͳ͍ɻ͔͠͠ɼҰൠʹ Poisson, NB ϞσϧΛधཁؔ਺
ͱΈͳ͢͜ͱͱɼhurdle ϞσϧͱͷରൺΛ໌֬ʹ͢ΔͨΊʹɼຊߘͰ͸͜ͷ໊শΛ༻͍Δɻ·ͨɼLCM ͱ͸
FM ϞσϧશൠΛࢦ͠ɼ൴ΒͷΑ͏ʹ FM-NB ϞσϧͷΈͷ໊শͰ͸ͳ͍ͷͰɼ͜ͷఆٛΛ༻͍ͳ͍ɻ
5)FM-NB-HNB Ϟσϧ͸ FM-HNB-NB Ϟσϧͱಉ͜͡ͱͳͷͰɼຊߘͰ͸ FM-HNB-NB Ͱ౷Ұ͢Δɻ
53 Finite Mixture Ϟσϧͷਪఆʹ͓͚ΔΞϧΰϦζϜ
FM ϞσϧΛਪఆ͢Δͱ͖ʹɼର਺໬౓ؔ਺ͷ gradientɼhessian ͕ෳࡶͳܗঢ়ʹͳΔͨ
Ίɼ௨ৗͷ४ Newton ๏͸ۃΊͯద༻͠ʹ͘͘ͳΔɻͦ͜Ͱ gradient ͷܭࢉʹ਺஋ඍ෼Λɼ
ͦͯ͠ hessian ͷܭࢉʹ Broyden-Fletcher-Goldfarb-Shanno (BFGS) ΞϧΰϦζϜͳͲΛ༻
͍Δ͜ͱͰɼ͋Δఔ౓ऩଋܭࢉ͕ՄೳʹͳΔ6)ɻ͔͠͠ BFGS ΞϧΰϦζϜͰ͸ہॴ࠷ద
ੑͷ໰୊Λճආ͢Δ͜ͱ͸Ͱ͖ͣɼ·ͨࠞ߹෼෍ͷݸ਺Λ૿΍͢ͱऩଋܭࢉ͸΄ͱΜͲෆ




ͱ͜Ζ͕ Ueda and Nakano (1998)ɼ্ాɾத໺ʢ1997ʣͰ͸ɼޯ഑ܕʹؼண͢Δ EM Ξ
ϧΰϦζϜͷہॴ࠷దੑΛ໰୊ࢹ͠ɼ͜Εʹ୅ΘΔख๏ͱͯ֬͠ఆతΞχʔϦϯά EM
ʢdeterministic annealing EM, DAEMʣΞϧΰϦζϜΛఏএ͍ͯ͠Δɻࠓɼπ  = [π1,···,πJ]










1. ύϥϝʔλʔ ρ, 0 <ρ≤ 1 Λઃఆ͢Δʢρ ͸ 0 ʹ͍ۙ΄͏͕๬·͍͠ʣ ɻ
2. ॳظ஋ Θ(0) Λઃఆ͠ɼt ← 0 ͱ͢Δɻ
3. ҎԼͷ EM εςοϓΛ܁Γฦ͢ɻ



































































ͦͯ͠ɼt ← t + 1 ͱ͢Δɻ
6)BFGS ΞϧΰϦζϜͷৄࡉʹ͍ͭͯ͸ɼJudd (1998)ɼ114 ΛࢀরͤΑɻ
7)EM ΞϧΰϦζϜʹ͍ͭͯ͸ɼאౡɾ্ాʢ2003ʣ͕ৄ͍͠ɻ
64. ρ Λ૿Ճͤ͞Δɻ
5. ҎԼεςοϓ 3ʙ4 Λ θ,π ͕ऩଋ͢Δ·Ͱ܁Γฦ͢ɻ
ʢ6ʣͰ ρ = 1 ͱͨ͠৔߹ʹ͸ EM ΞϧΰϦζϜʹؼண͢ΔͷͰɼDAEM ΞϧΰϦζϜ͸
ρ ͱ͍͏ՃॏΛ͚ͭͯҰൠԽͨ͠΋ͷʹଞͳΒͳ͍ɻEM ΞϧΰϦζϜ͸ॳظஈ֊ͷਪఆ஋
ͷ৴པੑ͕௿͍ͷͰɼͦΕʹج͍ͮͯܭࢉ͞ΕΔʢ6ʣͷࣄޙ෼෍΋৴པੑ͕௿͍΋ͷͱͳ








ຊߘͰ͸ɼDeb and Trivedi (1997) ͱಉ༷ʹ National Medical Expenditures Survey (NMES)
Λ࢖༻͢Δɻ൴Βͷਪఆ݁Ռͱ௚઀ൺֱ͕ՄೳʹͳΔ͜ͱɼ·ͨ count data ͷ෼໺Ͱͷ৽
͍͠ϞσϧΛݕূ͢ΔͨΊͷσʔλͱͯ͠ར༻͞ΕΔ͜ͱɼ͞ΒʹਪఆϞσϧͷ࠶ݱੑΛ
ߟྀͯ͠ɼ͜ͷσʔλΛ࠾༻͢ΔɻNMES ͸ 1987 ೥ͱ 1988 ೥ʹ࣮ࢪ͞ΕɼΞϝϦΧͷਓ
छߏ੒͔ΒαϯϓϦϯά͞Ε͓ͯΓɼ15,000 Ո଒ɼ38,000 ਓҎ্͕ 4 ൒ظʹҰ౓ࣗ෼ͷՃ
ೖ͍ͯ͠Δҩྍอݥɼड਍ճ਺ɼඅ༻ɼ͞Βʹओ؍తͳ݈߁ঢ়ଶɼॴಘͳͲΛௐࠪ͞ΕΔɻ
NMES ͷத͔Β Medicare ʹద༻͞ΕΔ 66 ࡀҎ্ͷݸਓͷσʔλʢ૯αϯϓϧ͸ 4,406ʣΛ
༻͍Δ9)ɻ
σʔλͷఆ͓ٛΑͼهड़౷ܭ͸ද 2 ʹ͋Δɻඃઆ໌ม਺ͱͯ͠࢖༻͢Δ਍ྍॴҩड਍ճ਺
ʢOFPʣͷฏۉ஋͸ 5.774 ճͰ͋Γɼ3ϲ݄ʹҰ౓΋ड਍͠ͳ͍ݸਓ͸ 11.5 % ଘࡏ͢Δɻओ؍
తͳ݈߁ঢ়ଶ͕Α͍ʢEXCLHLTHʣͱ൑அͨ͠ݸਓ͸ 7.8 %ɼѱ͍ʢPOORHLTHʣ΋ͷ͸
12.6 % ͓Γɼޙऀͷํ͕ଟ͍ɻ·ͨຫੑ࣬ױʢNUMCHRONʣͷฏۉݸ਺͸ 1.542 Ͱɼ೔ৗ
ੜ׆ʹࢧো͕͋ΔΑ͏ͳঢ়ଶʢADLDIFFʣʹ͋Δݸਓ΋ 20.4 % ଘࡏ͢Δɻͦͷଞʹɼډॅ
஍ҬΛද͢μϛʔม਺ͱͯ͠ɼ๺੢෦μϛʔʢNOREASTʣ ɼத੢෦μϛʔʢMIDWESTʣ ɼ
੢෦μϛʔʢWESTʣͳͲ͕͋Δɻ೥ྸΛ 10 Ͱআͨ͠΋ͷʢAGEʣͷฏۉ஋͸ 7.402 Ͱ͋
ΔɻஉੑμϛʔʢMALEʣ͸ 0.402 Ͱ͋Γɼঁੑͷׂ߹͕एׯଟ͍ɻMedicare ʹద༻͞Ε
8)ρ ʹ͍ͭͯ͸ɼ্ాɾத໺ʢ1997ʣͰ͸ɹρ(t+1) = 1.4 × ρ(t) ͷΑ͏ͳؔ਺ΛԾఆ͍ͯ͠Δ͕ɼຊߘͰ͸
ρ(t) = 1 − exp(−t/C1 − C2) ͱ͠ɼt →∞ͷͱ͖ ρ ͕ 1 ʹ઴ۙ͢ΔΑ͏ͳؔ਺Λ࠾༻ͨ͠ʢC1,C2 ͸೚ҙͷਖ਼ͷ
ఆ਺ʣ ɻ
9)σʔλʹ͍ͭͯ͸ Journal of Applied Econometrics Data Archive (http://qed.econ.queensu.ca/jae/) ΑΓೖखՄ
ೳͰ͋Δɻ
7Δ 66 ࡀҎ্ͷݸਓͷσʔλͰ͋Δ͕ɼຽؒҩྍอݥʢPRIVINSʣʹՃೖ͍ͯ͠Δݸਓ͕
77.6 %ɼMeidcaidʢMEDICAIDʣͷద༻Λड͚͍ͯΔݸਓ΋ 9.1 % ͍Δɻ
<< ද 2 ૠೖ >>
4.2 ৘ใྔج४ͱద߹౓ݕఆ
ද 3 ͸ɼ֤ਪఆϞσϧͷ৘ใྔج४ɼର਺໬౓ɼͦͯ͠ύϥϝʔλʔ਺Λࣔͨ͠΋ͷͰ
͋Δɻ৘ใྔج४ͱͯ͠ɼAkaike information criteriaɹ(AIC)ɼBayesian information criteria
(BIC)ɼconsistent AIC (CAIC) Λܭࢉͨ͠ɻ͜ΕΒͷఆٛʹ͍ͭͯ͸ɼද 3 ͷ஫Λࢀর͞Ε
͍ͨɻAIC ͸ͦͷఆ͔ٛΒύϥϝʔλʔ਺͕ଟ͍΄Ͳվળ͞ΕΔ܏޲ʹ͋Γɼද 3 Ͱ΋͜
Ε͕ଟ͍ FM-HNB1 Ϟσϧ͕࠷খ஋ΛɼFM-HNB2 Ϟσϧ͕ଓ͍͍ͯΔɻBICɼCAIC Ͱ͸





<< ද 3 ૠೖ >>
ద߹౓ݕఆͱͯ͠࢖༻ͨ͠ͷ͸ goodness of ﬁt (GoF) ͱ modiﬁed GoF (MGoF) Ͱ͋Δɻࠓ
yi ͷ cell Λ {0},{1},···,







ͱઃఆ͠ɼdiˆ  (yi) Λ yi ͕ cell ˆ , ˆ  = 0,···, ˆ J ʹ͋
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ͱ͠ɼ͞Βʹ H = [A,B] ͱ͢Δɻ͜ͷͱ͖ GoF ͸ҎԼͷΑ͏ʹॻ͖Լ͢͜ͱ͕Ͱ͖Δ10)ɻ
GoF = 1 H

H H
−1 H 1 (9)
10)Andrews (1988) ΛࢀরͤΑɻ




ද 4 ͸ GoF Λ MGoF Λ cell Λ༷ʑઃఆ͠ͳ͕Βɼܭࢉͨ͠΋ͷͰ͋Δɻcell ͕ 5 ͷ৔߹ɼ
͜Ε͸ 0,···,4,5Ҏ্ͱͯ͠ద߹౓ݕఆΛߦͬͨ͜ͱΛҙຯ͢ΔɻຊߘͰ͸ yi ͷྦྷੵີ౓͕
98 % Ҏ্ͱͳΔɼcell ͕ 25 ·Ͱͷ݁ՌΛهࡌ͢Δɻදதͷ a ͸ GoFɼMGoF ͷ౰֘ cell ʹ
͓͚Δ࠷খ஋Λɼb ͸ NB1 ΋͘͠͸ NB2 ಺Ͱͷ࠷খ஋Λද͢ɻ͞Βʹ c( d )͸ 10 (5) % ਫ
४ͰؼແԾઆ͕غ٫Ͱ͖ͳ͍͜ͱΛࣔ͢ɻ͜ͷද͔Β cell ͕ 5 ͷͱ͖ʹ͸ɼGoF (MGoF) ͷ
࠷খ஋͸ FM-HNB1-NB1 (FM-HNB1)ɼ10 ͷͱ͖ʹ͸ FM-HNB2-NB2 (FM-HNB1) ͕ɼ15
ͷͱ͖ʹ͸ FM -NB1 (FM-HNB1) ͕ɼ20 ͷͱ͖ʹ͸ FM-HNB1-NB1 (FM-HNB1-NB1) ͕ɼ
25 ͷͱ͖ʹ͸ FM-HNB1-NB1 (FM-HNB1) ͕ͦΕͧΕ࠷খ஋Λͱ͍ͬͯΔɻ·ͨ͜ΕΒ͸
શͯ 10 % ਫ४ͰؼແԾઆΛغ٫Ͱ͖ͳ͘ɼϞσϧͷద߹͸ྑ޷Ͱ͋Δɻ
<< ද 4 ૠೖ >>
·ͨɼFM-NB2Ҏ֎ͷ FM Ϟσϧͱ HNB΍ NBϞσϧΛൺ΂ΔͱɼDeb and Trivedi (1997)
΋ࢦఠ͢ΔΑ͏ʹ FM Ϟσϧͷ΄͏͕ద߹౓ݕఆͷ݁Ռ͕Α͍ɻMGoF Ͱ͸ɼFM-NB2 Ҏ
֎ͷ FM ϞσϧͰɼগͳ͘ͱ΋ 5%ਫ४Ͱغ٫Ͱ͖ͳ͍ɻͱ͜Ζ͕ GoF Ͱ͸ɼFM-HNB
Ϟσϧͱ FM-NB2 Ϟσϧ͸ 5%ਫ४Ͱ΋غ٫͞Εɼ͜ΕΒͷ FM Ϟσϧͷద߹͸ۃΊͯѱ
͍ɻ͕ͨͬͯ͠ɼద߹౓ݕఆ͔ΒϞσϧΛબ୒͢ΔͳΒ͹ɼGoFɾMGoF ͱ΋ʹྑ޷Ͱ͋ͬ
ͨ FM-NB1ɼFM-HNB1-NB1ɼFM-HNB2-NB2 Ϟσϧ͕ͦͷީิͱͯ͠ڍ͛ΒΕΑ͏ɻ
͜ΕΒͷద߹౓ݕఆͱઌʹड़΂ͨ৘ใྔج४ͷ݁Ռ͔ΒɼDeb and Trivedi (1997) ͕ओ






ද 5 ͸ FM-NB Ϟσϧͷɼද 6 ͸ FM-HNB-NB Ϟσϧͷɼͦͯ͠ද 7 ͸ FM-HNB Ϟσ
ϧͷਪఆ݁ՌͰ͋ΔɻFM-NB Ϟσϧ͸ Deb and Trivedi (1997) ͱಉ͡΋ͷͰ͋Δ͕ɼ༻͍
ͨΞϧΰϦζϜ͕ҟͳΔ͜ͱͱɼຊߘͰఏࣔͨ͠ϞσϧͷൺֱΛ͢ΔͨΊʹܝࡌ͢Δɻ·
ͨ FM-HNB Ϟσϧ͸ɼద߹౓ݕఆͷ݁Ռ͕๕͘͠ͳ͔͕ͬͨɼࢀߟ·ͰʹܝࡌΛߦ͏ɻද
5ɼ6ɼ7 Ͱ͸࠷্ஈʹϞσϧ໊͕ɼ2ྻ໨ʹ FM Ϟσϧͷ 2 ͭͷཁૉີ౓͕هࡌ͞Ε͓ͯΓɼ
ཁૉີ౓ 1 ͱཁૉີ౓ 2 Ͱ 1 ͭͷਪఆࣜΛߏ੒͢ΔɻͦͷԼʹ͋Δ NB ͸ 1ஈ֊ͷҙࢥܾ
9ఆԾઆͰͷड਍Λද͠ɼhurdle ͸ड਍͢Δ͔͠ͳ͍͔Λද͓ͯ͠Γɼड਍͢Δͱ͍͏ࣄ৅
Λ 1 ͱ͍ͯ͠ΔͷͰɼਖ਼ͷ܎਺͸ड਍֬཰্͕ঢ͢Δ͜ͱΛҙຯ͢Δɻtruncated NB ͱ͍
͏߲໨͸ɼҰ౓ड਍ͨ͠ޙԿճड਍͢Δ͔Λද͠ɼ྆ऀͱ΋ʹ܎਺͕ਖ਼Ͱ͋Ε͹ड਍ճ਺
্͕ঢ͢Δɻ
<< ද 5ɼ6ɼ7 ૠೖ >>
ද 5 ͱද 6 ͷ FM-NB Ϟσϧͱ FM-HNB-NB Ϟσϧͷ݁ՌΛൺֱ͢Δͱɼڵຯਂ͍ࣄ࣮
͕ු͔ͼ্͕Δɻද 5 ͱද 6 ͷ NB1ɼNB2 ͱ΋ʹཁૉີ౓ 2 ͸ɼ܎਺ͷਪఆ஋͕ࣅ௨ͬͯ
͓Γɼ༗ҙͰ͋Δ܎਺΋ʢ׬શʹ͸Ұக͠ͳ͍͕ʣ͓͓ΉͶಉ͡Ͱ͋Δɻͨͩ͠ཁૉີ౓
1 ͷఆࣜԽ͕ҟͳΔͷͰ܎਺ͷղऍΛ͢Δ͍͞ʹ͸ɼશ͘ผͷ΋ͷͱͳΔɻྫ͑͹ຽؒอ
ݥʹՃೖ͍ͯ͠Δ͜ͱΛද͢ PRIVINS ͸ 1 ஈ֊ͷҙࢥܾఆԾઆΛද͢ FM-NB1 (FM-NB2)
ͷཁૉີ౓ 1 Ͱ͸ɼ0.256 (0.622) Ͱ 1%ਫ४Ͱ༗ҙͱͳ͓ͬͯΓɼ͜Ε͸ड਍ճ਺શମ
Λԡ্͛͠ΔޮՌΛ࣋ͭͱଊ͑Δɻͱ͜Ζ͕ 1 ஈ֊ͱ 2 ஈ֊ͷҙࢥܾఆԾઆ͕ࠞࡏͨ͠
FM-HNB1-NB1 (FM-HNB2-NB2) ϞσϧͰ͸ɼhurdle ෦෼͕ 0.723 (1.030) Ͱ༗ҙͰ͋Γɼ
͜Ε͸ड਍֬཰্͕ঢ͢Δ͜ͱͱͳΓɼNB ෦෼Ͱ͸ 0.222 (0.249) Ͱ༗ҙͰ͋ΔͷͰɼ͜
Εʹ͍ͭͯ͸ 1 ౓ड਍ͨ͠ޙͷड਍ΛҾ্͖͛ΔޮՌΛ࣋ͭͱղऍ͠ͳͯ͘͸ͳΒͳ͍ɻ
ද 7 ͷ FM-HNB Ϟσϧͷ݁Ռ͸ɼද 5 ͱද6 ͷͦΕͱ͸େ͖͔͚͘཭Ε͍ͯΔɻͱΓ
Θ͚ɼFM-HNB1 (FM-HNB2) Ϟσϧͷཁૉີ౓ 1( 2 )ͷ hurdle ෦෼Ͱ͸ɼۃΊͯେ͖ͳਪ
ఆ஋͕ग़͓ͯΓɼ͜Ε͸αϯϓϧ͝ͱʹड਍֬཰͕ 0 ͔ 1 ʹுΓ෇͘͜ͱΛҙຯ͢Δɻ͔
Ζ͏ͯ͡ FM-HNB1 (FM-HNB2) Ϟσϧͷཁૉີ౓ 2( 1 )͕ FM-HNB Ϟσϧͷཁૉີ౓ 1
ͷਪఆ݁Ռͱࣅͨ஋ͱͳ͍ͬͯΔɻద߹౓ݕఆͰͷύϑΥʔϚϯεͷѱ͞Λߟྀ͢Δͱɼ2
ͭͷαϒαϯϓϧͱ΋ʹ 2 ஈ֊ͷҙࢥܾఆԾઆʹै͏ͱ͍͏ FM-HNB Ϟσϧ͸ɼগͳ͘
ͱ΋͜ͷσʔλΛ༻͍ΔݶΓ͸ɼଥ౰ੑ͕௿͍ͱ͍Θ͟ΔΛ͑ͳ͍ɻ
αϯϓϧʹجͮ͘ y ͷظ଴஋͸ɼFM-NB1(FM-NB2) Ϟσϧͷཁૉີ౓ 1 Ͱ 5.541ʢ4.195ʣ
ճɼཁૉີ౓ 2 Ͱ 8.237ʢ8.320ʣճͱͳΓɼ྆ऀΛ͋Θͤͨ΋ͷ͸ 5.777ʢ5.860ʣճͰ͋
Δɻ྆ऀͱ΋ʹɼཁૉີ౓ 1 Λগස౓ױऀɼ2 Λଟස౓ױऀͱߟ͑Δ͜ͱ͕Ͱ͖Δɻ࣍ʹ
FM-HNB1-NB1 (FM-HNB2-NB2) ϞσϧͰ͸ɼཁૉີ౓ 1 ͷड਍֬཰͕ 88.0 (85.9) % ͱͳ
Γɼtruncated NB ෦෼͕ 6.231 (5.844) ճͰɼ͜ΕΒΛ౷߹ͨ͠ཁૉີ౓ 1 ͷظ଴஋͸ 5.607
(5.844) ճɼཁૉີ౓ 2 ͷظ଴஋͸ 7.350 (7.576) ճͰ͋Γɼy ͷظ଴஋ͱͯ͠͸ 5.766 (5.751)
ճͱͳΔɻཁૉີ౓ 1 ͸ 2 ஈ֊ͷҙࢥܾఆԾઆɼཁૉີ౓ 2 ͸ 1 ஈ֊ͷҙࢥܾఆԾઆͰ
͋ΔͷͰɼFM-HNB-NB ϞσϧͰ͸ 2 ஈ֊ͷҙࢥܾఆԾઆͷํ͕ɼฏۉతͳड਍ճ਺͕গ
ͳ͍ɻ࠷ظʹFM-HNB1 (FM-HNB2) ϞσϧͰ͸ɼཁૉີ౓ 1 ͷड਍֬཰͕ 67.0 (82.6) %ɼ
truncated NB ෦෼͸ 14.973 (5.648) ճɼ͜ΕΒΛ౷߹ͨ͠ظ଴஋͸ 9.093 (4.866) ճɼಉ͡
͘ཁૉີ౓ 2 ͷड਍֬཰͸ 86.9 (93.9) %ɼtruncated NB ෦෼͕ 14.973 (11.024) ճɼ͜ΕΒ
Λ౷߹ͨ͠ظ଴஋͸ 9.093 (10.017) ճͰɼy ͷશମͷظ଴஋͸ 5.767 (5.727) ճͰ͋Δɻ
10ͨͩ͠ɼ͜Ε͸͋͘·Ͱ΋αϯϓϧʹجͮ͘ฏۉ஋Ͱ͋ΔͷͰɼཁૉີ౓ 1 ͱ 2 ͰͲͪ
Β͕େ͖͘ͳΔ͔͸ɼ֤αϯϓϧʹґଘ͢Δɻྫ͑͹ NUMCHRON ͷ܎਺ΛΈΔͱɼFM-
HNB-NB ϞσϧͰ͸ཁૉີ౓ 1 ͷํ͕஋͕େ͖͍ͷͰɼ͜ΕΒͷӨڹΛߟྀ͢Δͱɼ2 ஈ
֊ͷҙࢥܾఆԾઆΛද͢ ཁૉີ౓ 1 ͷظ଴ड਍ճ਺͕ɼ1 ஈ֊Λۙࣅ͢Δཁૉີ౓ 2 ͷ΋
ͷΛ্ճΔ͜ͱ͸͋Δɻ͞Βʹ 1 ͭͷྫͱͯ͠ɼ༗ҙਫ४ 10 % Ҏ্ͷ܎਺Λ͢΂ͯ 0 ͱ
ͯ͠ظ଴஋Λܭࢉ͢ΔͱɼFM-HNB1-NB1 (FM-HNB2-NB2) Ϟσϧͷཁૉີ౓ 1 ͷड਍֬
཰͸ 87.7 (85.2) %ɼtruncated NB ෦෼͕ 7.526 (5.647) ճɼ͜ΕΒΛ౷߹ͨ͠ظ଴஋͸ 6.760
(4.992) ճͰ͋Γɼཁૉີ౓ 2 ͸ 0.227 (5.999) ճɼ྆ऀΛ౷߹ͨ͠΋ͷ͸ 6.115 (5.220) ճ
ͱͳΔɻFM-HNB1-NB1 Ϟσϧʹ͍ͭͯ͸ɼ2 ஈ֊ͷҙࢥܾఆԾઆΛද͢ཁૉີ౓ 1 ͷظ
଴஋ͷํ͕େ͖͍ͱ͍͏ɼڵຯਂ͍݁Ռ͕ಘΒΕΔɻ
࠷ޙʹͳΔ͕ɼ֤ਪఆϞσϧͷཁૉີ౓ͷ෼෍Λݕূ͢Δɻ͜Ε͸ਤ 1 ʹඳ͔Ε͍ͯΔɻ
ന͸ཁૉີ౓ 1ɼփ৭͸ཁૉີ౓ 2 ͷ෼෍Λࣔ͢ɻಛ௃తͳ఺ͱͯ͠͸ɼద߹౓ݕఆɼਪ
ఆ݁Ռ͕ࣅ௨͍ͬͯͨ FM-NB1 Ϟσϧͱ FM-HNB1-NB1 Ϟσϧͷཁૉີ౓ͷ෼෍͕ɼ0
Λআ͍ͯ΄΅ಉ͡܏޲Λͱ͍ͬͯΔ͜ͱͰ͋Δɻ2 ͭͷਪఆ݁ՌͰड़΂ͨ͜ͱͱɼࠞ߹ൺ
πj ΋͍ۙ஋ͱͳ͍ͬͯΔ͜ͱΛߟྀ͢Δͱɼ͜ͷσʔλΛ༻͍ͨਪఆʹ͓͍ͯ͸ Deb and
Trivedi (1997) ͷ࠾༻ͨ͠ FM-NB1 ϞσϧʹՃ͑ͯɼFM-HNB-NB Ϟσϧͷਪఆͱͦͷൺ
ֱ΋ඞཁͱͳΔͱ͍͑Δɻ
<< ਤ 1 ૠೖ >>
4.4 ݶքޮՌ
4.3 Ͱ͸ 1 ஈ֊ͱ 2 ஈ֊ͷҙࢥܾఆԾઆͦΕͧΕͷ FM ϞσϧͷൺֱΛߦ͍ɼϞσϧબ
୒ͷٞ࿦Λߦͬͨɻ4.4 Ͱ͸ɼ͜ΕΒϞσϧͷਪఆ஋Λ༻͍ɼݶքޮՌΛܭࢉ͠ɼͦͷղऍ
͕ͲͷΑ͏ʹҟͳΔ͔Λٞ࿦͢Δɻ












ͱͳΔɻ֤ཁૉີ౓ͱ΋ʹ NB Ϟσϧɼ͢ͳΘͪ FM-NB ϞσϧͷΑ͏ͳέʔεͰ͸ɼ
Ej (yi) = µij Ͱ͋Δ͔Βɼ͜ΕΛ্ͷࣜʹ୅ೖ͢Δ͜ͱͰɼݶքޮՌΛܭࢉͰ͖Δɻ͜
ͷ৔߹ɼݶքޮՌ͸֤ཁૉີ౓ͷ࿨ͱͯ͠ද͞ΕΔɻ















∂Prj (yi > 0)
∂xik




͢ͳΘͪ hurdle Ϟσϧͷ৔߹ɼݶքޮՌ͸ 2 ͭͷޮՌʹ෼ղͰ͖Δɻୈ 1 ͷޮՌ͸ະड਍
ऀ͔Βड਍ऀ΁ͱҠߦ͢Δ௚઀తͳޮՌͰ͋Γɼ্ͷࣜͷӈลୈ 1 ߲͕͜Εʹ૬౰͢Δɻ
ୈ 2 ͷޮՌ͸ɼ͢Ͱʹड਍ऀͱͳ͍ͬͯΔݸਓͷؒ઀తͳड਍૿ՃͰ͋Γɼ͜Ε͸ӈลୈ
2 ߲ͱͳΔɻຊߘͰ͸ hurdle Ϟσϧʹ͓͚ΔݶքޮՌʹ͍ͭͯɼલऀΛ௚઀ޮՌɼޙऀΛ
ؒ઀ޮՌͱݺͿɻ
͜͜Ͱ೥ྸΛ 10 Ͱআͨ͠ AGE ΛྫʹͱΓɼݶքޮՌͷٞ࿦Λߦ͏ɻݶքޮՌͷܭࢉʹͭ
͍ͯ͸ɼਪఆ͕ࣜඇઢܗͰ͋ΔͷͰɼͦͷධՁ͢Δ஋ʹΑΓ༷ʑʹมԽ͢Δ͕ɼ͜͜Ͱ͸ 1
ͭͷྫͱͯ͠ɼ֤αϯϓϧͷݶքޮՌͷฏۉ஋Λࢉग़ͨ͠ɻ·ͣ FM-NB1ʢFM-NB2ʣϞσ
ϧͷ৔߹ɼཁૉີ౓ 1 ͷݶքޮՌ͸ 0.157ʢ0.580ʣͰ͋Γɼཁૉີ౓ 2 Ͱ͸ -5.055ʢ-1.231ʣ
ͱͳΔɻ͜ΕΒʹ πj Λ͔͚౷߹ͨ͠΋ͷ͸ -0.299ʢ-0.151ʣͱͳΔɻ͢ͳΘͪ೥ྸ͕ 10 ࡀ
্ঢͨ͠৔߹ɼ͓Αͦ -0.3ʢ-0.2ʣ೔ఔ౓ड਍͕཈੍͞ΕΔɻ
FM-HNB1-NB1ʢFM-HNB2-NB2ʣͰ͸ɼཁૉີ౓ 1 ͕ hurdle ϞσϧͰ͋ΔͷͰɼΑ͠
ݶքޮՌ͸ෳࡶͳ΋ͷͱͳΔɻཁૉີ౓ 1 ͷະड਍ऀ͔Βड਍ऀ΁ͱҠߦ͢Δ௚઀ޮՌ͸
0.254ʢ0.199ʣͰ͋Γɼड਍ऀͷड਍૿Ճͱ͍͏ؒ઀ޮՌ͸ -0.120ʢ-0.032ʣͱͳΓɼ௚઀
ޮՌɾؒ઀ޮՌΛ߹Θͤͨཁૉີ౓ 1 ͷݶքޮՌͱͯ͠͸ 0.134ʢ0.167ʣͱͳΔɻଞํͰ
ཁૉີ౓ 2 ͸ NB ϞσϧͰ͋ΔͷͰɼͦͷݶքޮՌ͸ -5.984ʢ-1.861ʣͰ͋Δɻ2 ͭͷཁૉ
ີ౓ʹ πj ͷਪఆ஋Λ͔͚ɼ྆ऀΛ౷߹ͨ͠ݶքޮՌ͸ -0.433ʢ-0.293ʣͰ͋Δɻ
FM-HNB1ʢFM-HNB2ʣͰ͸ɼཁૉີ౓ 1 ͷ௚઀ޮՌ͸ 6.137ʢ0.177ʣͰ͋Γɼؒ઀ޮ
Ռ͸ -4.879ʢ-0.088ʣͱͳΓɼ௚઀ޮՌɾؒ઀ޮՌΛ߹Θͤͨཁૉີ౓ 1 ͷݶքޮՌͱ͠
ͯ͸ 1.258ʢ0.089ʣͱͳΔɻཁૉີ౓ 2 ͷ௚઀ޮՌ͸ -0.059ʢ-0.426ʣͰ͋Γɼؒ઀ޮՌ
͸ -0.045ʢ-1.575ʣͱͳΓɼ௚઀ޮՌɾؒ઀ޮՌΛ߹Θͤͨཁૉີ౓ 1 ͷݶքޮՌͱͯ͠͸
-0.104ʢ-2.001ʣͱͳΔɻ2 ͭͷཁૉີ౓ʹ πj ͷਪఆ஋Λ͔͚ɼ྆ऀΛ౷߹ͨ͠ݶքޮՌ͸
0.069ʢ-0.261ʣͰ͋Δɻ
ڵຯਂ͍఺ͱͯ͠ɼ֤ཁૉີ౓ͷ෼෍͕ࣅ௨͍ͬͯͨ FM-NB1 ͱ FM-HNB1-NB1 ͷݶ
քޮՌ͸ -0.299 ͱ -0.433ɼཁૉີ౓ 2 ͷ΋ͷ͸ -5.055 ͱ -5.984 ͰͦΕ΄Ͳେ͖͔͚͘཭Ε
͍ͯͳ͍ɻ1 ஈ֊ͷҙࢥܾఆԾઆͰ͋Δ FM-NB1 Λ༻͍ͯධՁͨ͠৔߹ʹ͸ɼཁૉີ౓ 1
ͷݶքޮՌ͸ 0.157 Ͱ͋ΓɼFM-HNB1-NB1 Λ༻͍ͯධՁͨ͠৔߹ʹ͸௚઀ޮՌ͕ 0.254ɼ
ؒ઀ޮՌ͕ -0.120ɼ௚઀ޮՌɾؒ઀ޮՌΛ߹Θͤͨ΋ͷ͸ 0.134 ͱͳΔɻ΋͠ਅͷϞσϧ




લઅ·Ͱͷٞ࿦͸ɼJ = 2ɼ͢ͳΘͪࠞ߹෼෍ͷݸ਺͕ 2 ʹݶఆ͞Εͨ΋ͷͰ͋ͬͨɻ͜
ͷ৔߹ɼগස౓ױऀɾଟස౓ױऀͱ͍ͬͨ۩߹ʹ 2 ͭͷλΠϓʹͳΔͷͰɼͦͷղऍ͸ൺ
ֱత༰қͱͳΔɻ·ͨ FM Ϟσϧͷऩଋܭࢉʹ๲େͳ࣌ؒΛཁ͢ΔΘ͚Ͱ͸ͳ͍ͷͰɼଟ
͘ͷઌߦݚڀʹ͓͍ͯ͸ɼJ = 2 ͷ৔߹ͷਪఆΛهࡌ͢Δ͜ͱ͕ଟ͍ɻͱ͜Ζ͕ɼσʔλ
ͷൃੜաఔ͕ະ஌Ͱ͋ΔҎ্ɼࠞ߹෼෍ͷݸ਺Λ 2 ʹݶఆ͢Δ߹ཧతͳࠜڌ͸ͳ͍ɻͦ͜
Ͱɼຊઅʹ͓͍ͯ J = 3 ͱ J = 4ɼͭ·Γࠞ߹෼෍ͷݸ਺͕ 3 ͱ 4 ͷ৔߹Λߟ࡯͢Δɻ
ୈ 2 અͷٞ࿦ʹͷͬͱΔͳΒ͹ɼड਍ߦಈͷ؍఺͔Β͸ J = 3 ͷ৔߹ɼҎԼͷΑ͏ʹ෼
ྨͰ͖Δɻ1ʣ3 ͭͷࠞ߹෼෍͢΂͕ͯ 1 ஈ֊ͷҙࢥܾఆԾઆʹै͏΋ͷʢFM-3NBʣɼ 2ʣ
2 ͕ͭ 1 ஈ֊ɼ࢒Γ͕ 2 ஈ֊ͷҙࢥܾఆԾઆʹै͏΋ͷʢFM-1HNB-2NBʣɼ3ʣ1 ͕ͭ 1
ஈ֊ͷҙࢥܾఆԾઆɼ2 ͕ͭ 2 ஈ֊ͷҙࢥܾఆԾઆͷ΋ͷʢFM-2HNB-1NBʣɼ 3ʣ3 ͭ͢
΂͕ͯ 2 ஈ֊ͷҙࢥܾఆԾઆʹै͏΋ͷʢFM-3HNBʣ ɻJ = 4 ͷ৔߹΋ɼಉ༷ʹͯ͠෼ྨ
Ͱ͖Δɻ
ද 8 ͸ J = 3,4 ͷͱ͖ͷ৘ใྔج४ͱର਺໬౓Ͱ͋Δɻͨͩ͠ NB2 Ϟσϧ͸ऩଋܭࢉ
ʹࣦഊͨͨ͠ΊɼදͰ͸ NB1 ϞσϧͷΈΛهࡌ͍ͯ͠ΔɻAICɼର਺໬౓Ͱ͸ɼύϥϝʔ
λʔ਺Λଟͨ͘͠Ϟσϧ͕ΑΓ௿͍஋ΛͱΔ܏޲ʹ͋Δɻͨͩ͠ AIC ͷΈʹண໨͢Δͱ࠷




ͱͳ͍ͬͯΔ͜ͱʹ஫ҙΛ͢Δඞཁ͕͋Δɻྫ͑͹ɼද 3 ͷ FM-HNB1-NB1 ͸ύϥϝʔ
λʔ਺͕ 54 Ͱ͜ͷͱ͖ͷ AIC ͸ 24,178.561 Ͱ͋ΔɻଞํͰද 8 ͷ FM-3NB1 ͸ύϥϝʔ
λʔ਺͕ 56 ͱएׯଟ͍͕ɼ͜ͷͱ͖ͷ AIC ͸ 24,195.552 Ͱ͋ΓɼFM-HNB1-NB1 ΑΓ΋
ߴ͍஋ͱͳ͍ͬͯΔɻಉ༷ͷ݁Ռ͸ɼFM-1HNB1-2NB1 ͱ FM-HNB1ɼFM-1HNB1-2NB1
ͱ FM-4NB1ɼFM-3HNB1 ͱ FM-2HNB1-2NB1 ʹ΋؍࡯͞ΕΔɻ
<< ද 8 ૠೖ >>
ද 9 ͸ J = 3,4 ͷͱ͖ͷద߹౓ݕఆΛࣔͨ͠΋ͷͰ͋Δɻ͜ͷ݁Ռ͔ΒɼJ = 3ɼͭ·Γ
ࠞ߹෼෍ͷݸ਺͕ 3 ͷͱ͖͸ɼMGoF ͷ݁Ռ͸͔ͳΓྑ޷Ͱ͋ΔɻGoF Ͱ͸ɼFM-1HNB1-
2NB1 ͷ݁Ռ͕͔ͳΓΑ͍΋ͷͰ͋Δɻ·ͨ FM-3NB1 ͕ cell ͕ 15 Ҏ্ͷྖҬͰͷύϑΥʔ
Ϛϯε͕Α͍͕ɼͦͷଞͷϞσϧ͸શൠతʹ๕͍͠΋ͷͱ͸͍͑ͳ͍ɻද 4 Ͱద߹౓ݕఆ
ͷ݁Ռ͕ྑ޷Ͱ͋ͬͨ FM-HNB1-NB1 ΍ FM-NB1 ͱൺֱ͢ΔͱɼFM-1HNB1-2NB1 ͸͜
ΕΒΛ্ճ͍ͬͯΔɻJ = 4 ͷ৔߹͸ɼMGoF Ͱ͸͢΂ͯͷϞσϧͷద߹͸Α͍͕ɼGoF
Ͱ͸ FM-1HNB1-3NB1 Ҏ֎͸ؼແԾઆΛ 5%ਫ४Ͱ͑͞غ٫Ͱ͖ͳ͍΋ͷ͸ͳ͍ɻFM-
1HNB1-3NB1 ͷద߹౓ݕఆͷ݁Ռ͸ɼද 4 ͷ FM-HNB1-NB1 ΍ FM-NB1 ͷ݁ՌΑΓΑ͍
13΋ͷͰ͋Δ͕ɼFM-1HNB1-2NB1 ͱൺ΂Δͱɼcell ͕ 15 Ҏ֎ͷྖҬͰ͸ɼ྇կ͢Δ΋ͷ͸
ͳ͔ͬͨɻ
<< ද 9 ૠೖ >>
Ҏ্Λ·ͱΊΔͳΒ͹ɼࠞ߹෼෍ͷݸ਺Λଟͨ͘͠৔߹ʹ͸ɼFM-1HNB1-2NB1 ͱ FM-







ຊߘͰ͸ɼैདྷ༻͍ΒΕ͖ͯͨ 1 ஈ֊ͷҙࢥܾఆԾઆΛද͢ FM-NB ϞσϧʹՃ͑ͯɼ
1 ஈ֊ͱ 2 ஈ֊ͷҙࢥܾఆԾઆ͕ࠞࡏͨ͠ FM-HNB-NB Ϟσϧɼ2 ஈ֊ͷҙࢥܾఆԾઆͷ




FM-HNB Ϟσϧ͕๬·͍͕͠ɼద߹౓ݕఆͰ͸ FM-HNB Ϟσϧͱ FM-NB1 Ϟσϧͷύ
ϑΥʔϚϯε͕༏Ε͍ͯͨɻୈ 2 ʹɼਪఆ݁ՌΛ֓؍͢ΔݶΓͰ͸ɼFM-NB Ϟσϧͱ FM-
HNB-NB Ϟσϧͷ NB ෦෼ͷཁૉີ౓ͷ܎਺͕ࣅ௨͓ͬͯΓɼ·ͨ FM-HNB Ϟσϧ͸ɼ
͜ΕҎ֎ͷਪఆ݁Ռͱ͸ҟͳ͍ͬͯͨɻୈ 3 ʹɼཁૉີ౓ͷ෼෍ΛΈΔݶΓɼFM-NB1 ͱ
FM-HNB1-NB1 Ϟσϧ͸ࣅͨߏ଄Λ΋͍ͬͯΔɻ
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ఆԾઆΛߟྀ͢Δͱɼඞͣ͠΋࠷ྑͷબ୒ͱ͸͍͑ͳ͍͜ͱʹͳΔɻ͕ͨͬͯ͠ɼຊߘͰ




[1] Andrews, D. (1988), “Chi-Square Diagnostic Tests for Econometric Models: Introduc-
tion and Applications,” Journal of Econometrics, vol. 37, no. 1, pp. 135 – 156.
14[2] Cameron, A. C. and P.K. Trivedi (1998), Regression Analysis of Count Data, Cambridge,
Cambridge University Press.
[3] Cameron, A. C., F. Milne, and J. Piggott (1988), “A Microeconomic Model of the De-
mand for Health Care and Health Insurance in Australia,” Review of Economic Studies,
vol. 55, no. 1, pp. 85 - 106.
[4] Deb, P. and A. M. Holmes (2000), “Estimates of Use and Costs of Behavioural Health
Care: A Comparison of Standard and Finite Mixture Models,” Health Economics,v o l .9 ,
no. 6, pp. 475 – 489.
[5] Deb, P. and P. K. Trivedi (1997), “Demand for Medical Care by the Elderly: A Finite
Mixture Approach,” Journal of Applied Econometrics, vol. 12, no. 3, pp. 2313 – 2336.
[6] Deb, P. and P. K. Trivedi (2001), “Equity in Swedish Health Care Reconsidered: New
Results Based on the Finite Mixture Model,” Health Economics, vol. 10, no. 6, pp. 565 –
572.
[7] Deb, P. and P. K. Trivedi (2002), “The Structure of Demand for Health Care: Latent Class
versus Two-part Models,” Journal of Health Economics, vol. 21, no. 4, pp. 601 – 625.
[8] Gerdtham, U. G. (1997), “Equity in Health Care Utilization: Further Tests Based on
Hurdle Models and Swedish Micro Data,” Health Economics, vol. 6, no. 3, pp. 303 – 19.
[9] Gerdtham, U. G. and P.K. Trivedi (2001), “Equity in Swedish Health Care Reconsidered:
New Results Based on the Finite Mixture Model,” Health Economics, vol. 10, no. 6, pp.
565 – 572.
[10] Gurmu, S., P. Rilstone, and S. Stern (1999), “Semiparametric Estimation of Count Re-
gression Models,” Journal of Econometrics, vol. 88, no. 1, pp. 123 – 150.
[11] Jemernez-Martin, S., J. M. Labeaga, and M. M. Matinez-Granado (2002), “Latent Class
versus Two-Part Models in the Demand for Physician Services across the European
Union,” Health Economics, vol. 11, no. 4, pp. 301 – 321.
[12] Judd, K. L. (1998), Numerical Methods in Economics, Oxford, MIT Press.
[13] Mullahy, J. (1986), “Speciﬁcation and Testing of Some Modiﬁed Count Data Models,”
Journal of Econometrics, vol. 33, no. 3, pp. 341 – 365.
[14] Pohlmeier, W. and V. Ulrich (1995), “An Econometric Model of the Two-part Decision-
making Process in the Demand for Health Care,” Journal of Human Resources, vol. 30,
no. 2, pp. 339 – 361.
15[15] Santos-Silva J. M. C. and F. A. G. Windmeijer (2001), “Two-Part Multiple Spell Models
for Health Care Demand,” Journal of Econometrics, vol. 104, no. 1, pp. 67 – 89.
[16] Ueda, N. and R. Nakano (1998), “Deterministic Annealing EM Algorithm,” Neural Net-
works, vol. 11, no. 2, pp. 271 – 282.
[17] Winkelmann, R. (2003), Econometric Analysis of Count Data 4th edition, Berlin,
Springer-Verlag.
[18] Winkelmann, R. (2004), “Health Care Reform and the Number of Doctor Visits - An
Econometric Analysis,” Journal of Applied Econometrics, vol. 19, no. 4, pp. 455 – 472.
[19] אౡ঵հɾ্ాमޭʢ2003ʣ ʮฏۉ৔ۙࣅɾEM ๏ɾม෼ϕΠζ๏ʯᔉۚ๕ɼా܀ਖ਼
ষɼख௩ूɼאౡ঵հɼ্ాमޭฤʰܭࢉ౷ܭ I ʵ֬཰ܭࢉͷ৽͍͠ख๏ʵʱ ɼpp.
121 – 191ɼؠ೾ॻళɻ
[20] ্ాमޭɾத໺ྑฏʢ1997ʣ ʮ֬ఆతΞχʔϦϯά EM ΞϧΰϦζϜʯ ɼ ʰిࢠ৘ใ
௨৴ֶձ࿦จࢽD-IIʱɼ vol. J80-D-IIɼno. 1ɼ pp. 267 – 276ɻ
[21] ૿ݪ޺໌ʢ2004ʣ ʮ࿝ਓอ੍݈౓ͱ֎དྷड਍ʵ૊߹݈߁อݥϨηϓτσʔλʹΑΔ
count data ෼ੳʵʯ ɼ ʰقץࣾձอোݚڀʱ ɼۙץɻ
[22] ૿ݪ޺໌ɾଜ੉๜඙ʢ2004ʣ ʮ1999೥7݄࿝ਓอ݈ద༻ऀ֎དྷༀࡎඅҰ෦ෛ୲ແྉԽ
ͷޮՌʯ ɼ ʰقץࣾձอোݚڀʱ ɼۙץɻ
1612
软辊腪镍軒跬邬腂







17闏邔 鋨譠 閽诏 镗辀闎趷 跅辬鉬 跅釥鉬
OFP 遦韃辊裣軳遦觱邔 5.774 6.759 0 89
( 0.155 )
EXCLHLTH 軥諏鍉苈貒赎迳釔芪苦芢苆芫苰 0.078 0.268 0 1
POORHLTH 軥諏鍉苈貒赎迳釔芪被芢苆芫苰 0.126 0.332 0 1
NUMCHRON 隝邫躾誳苌賂邔腩諠腃道醟钭跬腃鉟鑘迡詑腃鑸譃軮腃論郟覊腃鎜鑁镡腃醼苌道躾誳腪 1.542 1.350 0 8
ADLDIFF 鏺迭邶誈苉蹸迡芪芠苩苦芤苈迳釔苰躝苂苆芫苰 0.204 0.403 0 1
NOREAST 陫邼閔讏轚軒苰 0.190 0.392 0 1
MIDWEST 銆邼閔讏轚軒苰 0.263 0.440 0 1
WEST 邼閔讏轚軒苰 0.181 0.385 0 1
AGE 鑎韮⼱ 7.402 0.633 6.600 10.900
BLACK 荁荴莊荊豮荁莁莊荊遬苰 0.117 0.322 0 1
MALE 鉪邫苰 0.404 0.491 0 1
MARRIED 貋趥芵苄芢苩苆芫苰 0.546 0.498 0 1
SCHOOL 讳裧鑎邔 10.290 3.739 0 18
FAMINC 邢金辊鎾⼤㄰ⰰ〰 2.527 2.925 -1.013 54.835
EMPLOYED 轁识迳釔苉芠苩苆芫苰 0.103 0.304 0 1
PRIVINS 隯諔裣韃闛貯见鏼軒苰 0.776 0.417 0 1








NB2 24,440.335 24,555.368 24,573.368 -12,202.168 18
HNB1 24,296.053 24,519.728 24,554.728 -12,113.027 35
HNB2 24,290.983 24,514.658 24,549.658 -12,110.492 35
FM-NB1 24,229.987 24,466.444 24,503.444 -12,077.993 37
FM-NB2 24,335.264 24,571.721 24,608.721 -12,130.632 37
FM-HNB1-NB1 24,178.561 24,523.660 24,577.660 -12,035.281 54
FM-HNB2-NB2 24,180.241 24,525.340 24,579.340 -12,036.120 54
FM-HNB1 24,136.035
a 24,589.776 24,660.776 -11,997.018
b 71
FM-HNB2 24,140.814 24,594.555 24,665.555 -11,999.407 71
銍1腪 AIC = -2 ln(L) + 2K腃BIC = -2 ln(L) + K ln(N)腃 CAIC = -2 ln(L) + K (ln(N) + 1) 苅芠苩腂芽芾芵腃 L, K, N 苍雞鍸腃荰莉莁腛
荞腛邔腃荔莓荶莋荔荃荙苰镜芷腂
銍2腪  a 苍 AIC腃 BIC腃 CAIC苌跅辬鉬苰腃 b 苍野邔雞鍸苌跅釥鉬苰镜芷腂
软辊腪镍軒跬邬腂
镜3腀野邔雞鍸苆迮闱韊諮辀
AIC BIC CAIC 野邔雞鍸
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a, b, c 54.993 6.620
c
NB 10 36.720 30.142 82.283 49.406








a, b, c 8.047
b, c
FM-HNB 32.787 5.269
a, b, c 60.876 10.294
c
NB 15 49.725 34.266 107.286 58.126
HNB 53.283 27.772 50.303 16.610
c
FM-NB 15.986








a, b, c 74.013 14.156
c








a, b, c 12.110






NB 25 83.207 46.544 116.474 72.517















 a 苍腃 GoF腃 MGoF 苌跅辬鉬苰镜芵腃 b 苍 NB1腃 NB2 莂荦莋鏠苅苌 GoF腃 MGoF 苌跅辬鉬苰镜芷腂






20EXCLHLTH -0.250  *** -0.760         -0.307  **   -0.437  ***
POORHLTH 0.232  *** 0.067         0.139         0.387  ***
NUMCHRON 0.186  *** 0.137         0.366  *** 0.047        
ADLDIFF -0.015         0.534  **   -0.110         0.189  *    
NOREAST 0.083  *     0.179         0.063         0.137        
MIDWEST 0.017         0.058         0.025         -0.021        
WEST 0.089  *     0.237         0.044         0.180  **  
AGE 0.028         -0.614  **   0.138         -0.148  **  
BLACK -0.080         -1.067         -0.293         0.079        
MALE -0.136  *** 0.123         -0.308  **   0.110        
MARRIED 0.047         -0.509         0.202         -0.210  **  
SCHOOL 0.014  *** 0.152  *     0.036  **   0.023  *    
FAMINC 0.000         -0.005         -0.002         -0.002        
EMPLOYED -0.059         0.395         -0.084         0.125        
PRIVINS 0.256  *** 2.976         0.622  *** 0.201  **  
MEDICAID 0.353  *** -3.159         0.646  *** 0.071        
CONSTANT 0.778  *** 1.918         -1.221         2.653  ***
α 3.493 *** 16.971 **    0.678 *** 0.532 ***
π j 0.913 *** 0.596 **   
銍3腪 α 腃 π  j₂춂뮂벂乂₃芃暃讂첌垐钂옠䙍₃芃暃讂첍겍螔岂랁
软辊腪镍軒跬邬腂
镜 5腀還鋨貋觊腩 FM-NB 莂荦莋腪
銍1腪 *** 苍 1 %靌裓邅辀腃 ** 苍 5 %靌裓邅辀腃 * 苍10 %靌裓邅辀苅豗邔芪 0 苅芠苩苆芷苩譁隳覼郠芪諼議
芳苪苩花苆苰躦芷腂
銍㊁檊螌쪓촠坨楴攠苌裪鉶邫苌芠苩镗辀賫趷苅芠苩腂
( 0.029 ) ( 0.237 )
( 0.289 ) ( 7.072 ) ( 0.044 ) ( 0.022 )
( 0.222 ) ( 2.548 ) ( 1.559 ) ( 0.729 )
( 0.062 ) ( 3.379 ) ( 0.149 ) ( 0.181 )
( 0.053 ) ( 2.648 ) ( 0.183 ) ( 0.082 )
( 0.056 ) ( 0.751 ) ( 0.137 ) ( 0.144 )
( 0.005 ) ( 0.020 ) ( 0.009 ) ( 0.010 )
( 0.005 ) ( 0.084 ) ( 0.018 ) ( 0.012 )
( 0.035 ) ( 0.332 ) ( 0.160 ) ( 0.101 )
( 0.035 ) ( 0.260 ) ( 0.121 ) ( 0.115 )
( 0.070 ) ( 1.069 ) ( 0.258 ) ( 0.119 )
( 0.027 ) ( 0.251 ) ( 0.128 ) ( 0.072 )
( 0.049 ) ( 0.489 ) ( 0.121 ) ( 0.084 )
( 0.039 ) ( 0.347 ) ( 0.121 ) ( 0.088 )
( 0.048 ) ( 0.491 ) ( 0.106 ) ( 0.098 )
( 0.043 ) ( 0.272 ) ( 0.180 ) ( 0.105 )
( 0.013 ) ( 0.111 ) ( 0.116 ) ( 0.055 )
( 0.067 ) ( 0.724 ) ( 0.294 ) ( 0.096 )
( 0.058 ) ( 0.776 ) ( 0.142 ) ( 0.151 )
NB NB NB NB
FM-NB1 FM-NB2
靶酦隧鍸 1 靶酦隧鍸 2 靶酦隧鍸 1 靶酦隧鍸 2
21EXCLHLTH -0.212         -0.367  *** -0.698         -0.257         -0.309  *** -0.502  *    
POORHLTH 0.284         0.279  *** 0.112         0.057         0.300  *** 0.327  *    
NUMCHRON 0.861 *** 0.151 *** 0.116             0.938 *** 0.163 *** 0.109 **   
ADLDIFF -0.289         0.035         0.548  *     -0.290         0.052         0.187        
NOREAST 0.170         0.078         0.355         0.165         0.082         0.173        
MIDWEST 0.218         -0.013         0.130         0.174         -0.023         0.018        
WEST 0.174         0.089  *     0.381         0.200         0.124  **   0.143        
AGE 0.514  *** -0.027         -0.814  *** 0.422  *** -0.007         -0.246  **  
BLACK -0.273         -0.036         -1.052         -0.431  **   -0.062         0.079        
MALE -0.587  *** -0.061         0.100         -0.671  *** -0.075         0.141        
MARRIED 0.408  **   -0.024         -0.478         0.401  **   -0.037         -0.194        
SCHOOL 0.062  *** 0.012  **   0.128         0.079  *** 0.012         0.038  *    
FAMINC -0.004         -0.002         0.006         0.007         0.003         -0.011        
EMPLOYED 0.027         -0.065         0.213         0.019         -0.102         0.222        
PRIVINS 0.723  *** 0.222  *** 2.112         1.030  *** 0.249  *** 0.229        
MEDICAID 0.872  *** 0.300  *** -2.108         0.852  *** 0.337  *** -0.213        
CONSTANT -3.908 *** 1.340 *** 4.322 **    -3.820 *** 1.110 *** 3.004 ***
α 3.322 *** 22.225 *** 0.425 *** 1.536 ***
π j 0.907 *** 0.773 ***
软辊腪镍軒跬邬腂
銍腪镜  5 苌銍苰蹑迆苌花苆腂
镜 6腀還鋨貋觊腩 FM-HNB-NB 莂荦莋腪
( 0.025 ) ( 0.047 )
( 0.227 ) ( 1.258 ) ( 0.042 ) ( 0.016 )
( 0.295 ) ( 0.855 ) ( 1.435 ) ( 0.232 ) ( 1.738 ) ( 1.282 )
( 0.082 ) ( 0.214 ) ( 0.324 ) ( 0.066 ) ( 1.819 ) ( 0.308 )
( 0.068 ) ( 0.163 ) ( 0.183 ) ( 0.055 ) ( 1.598 ) ( 0.196 )
( 0.078 ) ( 0.185 ) ( 0.235 ) ( 0.070 ) ( 0.586 ) ( 0.219 )
( 0.008 ) ( 0.015 ) ( 0.024 ) ( 0.007 ) ( 0.018 ) ( 0.030 )
( 0.009 ) ( 0.021 ) ( 0.023 ) ( 0.006 ) ( 0.081 ) ( 0.023 )
( 0.047 ) ( 0.135 ) ( 0.170 ) ( 0.040 ) ( 0.348 ) ( 0.162 )
( 0.047 ) ( 0.125 ) ( 0.163 ) ( 0.039 ) ( 0.284 ) ( 0.153 )
( 0.089 ) ( 0.223 ) ( 0.211 ) ( 0.063 ) ( 0.801 ) ( 0.203 )
( 0.036 ) ( 0.104 ) ( 0.181 ) ( 0.028 ) ( 0.240 ) ( 0.151 )
( 0.059 ) ( 0.140 ) ( 0.229 ) ( 0.051 ) ( 0.532 ) ( 0.205 )
( 0.053 ) ( 0.140 ) ( 0.183 ) ( 0.044 ) ( 0.369 ) ( 0.190 )
( 0.061 ) ( 0.173 ) ( 0.199 ) ( 0.052 ) ( 0.475 ) ( 0.195 )
( 0.057 ) ( 0.173 ) ( 0.214 ) ( 0.046 ) ( 0.309 ) ( 0.218 )
( 0.015 ) ( 0.045 ) ( 0.112 ) ( 0.012 ) ( 0.105 ) ( 0.136 )
( 0.067 ) ( 0.192 ) ( 0.405 ) ( 0.054 ) ( 0.632 ) ( 0.309 )
( 0.099 ) ( 0.297 ) ( 0.195 ) ( 0.086 ) ( 0.614 ) ( 0.205 )
truncated NB NB hurdle truncated NB NB hurdle
FM-HNB1-NB1 FM-HNB2-NB2
靶酦隧鍸 1 靶酦隧鍸 2 靶酦隧鍸 1 靶酦隧鍸 2
22EXCLHLTH -3.202         -0.651         -0.447  **   -0.346  *** -0.277  *     -0.304  *** -26.463  *** -0.527  *    
POORHLTH 20.684  *     0.433         -0.090         0.230  *** 0.109         0.291  *** -3.435  *** 0.411  ***
NUMCHRON 14.262  **   -0.053         0.446  *** 0.158  *** 0.740  *** 0.166  *** -11.610  *** 0.153  **  
ADLDIFF 25.452         0.214         -0.395  *** 0.032         -0.160         0.039         -12.156  *** 0.294  **  
NOREAST 20.188  **   -0.148         -0.131         0.082         0.305  **   0.082         -58.253  *** 0.268        
MIDWEST 5.094         -0.095         0.015         -0.005         0.325  **   -0.028         -72.531  *** 0.158        
WEST 7.496         0.058         0.094         0.084         0.212         0.125  **   -6.479  *** 0.145        
AGE 30.859  *     -0.644  **   -0.104         -0.011         0.300  *** -0.021         -13.277  *** -0.172  *    
BLACK -9.709  **   0.318         -0.287         -0.094         -0.306  **   -0.052         -16.051  *** 0.119        
MALE -6.526         0.085         -0.540  *** -0.062         -0.436  *** -0.087  *     -27.496  *** 0.239  *    
MARRIED -8.016  **   -0.247         0.442  *** -0.006         0.182         -0.021         32.216  *** -0.298  **  
SCHOOL 2.462  *     0.069  *     0.031         0.007         0.080  *** 0.012         -5.071  *** 0.050  ***
FAMINC 1.742  **   -0.048  *     -0.002         0.003         0.011         0.002         0.213  *** -0.008        
EMPLOYED -7.041  *** 0.802  *** 0.137         -0.055         -0.052         -0.102         54.154  *** 0.233        
PRIVINS -7.317 *** 0.721 **    1.018 *** 0.185 *** 0.644 *** 0.263 *** 52.096 *** 0.085            
MEDICAID -26.595         0.315         0.964  *** 0.291  *** 0.586  *** 0.357  *** 5.631  *** -0.325        
CONSTANT -256.350  *     6.076  *** 1.153         1.245  *** -2.877  *** 1.160  *** 230.832  *** 2.574  ***
α 9.671  *** 2.925  *** 0.455  *** 0.954        
π j 0.127 *** 0.833 ***
銍腪镜  5 苌銍苰蹑迆苌花苆腂
软辊腪镍軒跬邬腂
镜 7腀還鋨貋觊腩 FM-HNB 莂荦莋腪
( 0.018 ) ( 0.035 )
( 2.761 ) ( 0.157 ) ( 0.037 ) ( 0.598 )
( 30.812 ) ( 0.900 ) ( 0.895 ) ( 0.293 ) ( 0.750 ) ( 0.314 ) ( 148.973 ) ( 2.255 )
( 1.049 ) ( 0.205 ) ( 0.251 ) ( 0.073 ) ( 0.212 ) ( 0.078 ) ( 16.251 ) ( 0.301 )
( 6.411 ) ( 0.161 ) ( 0.153 ) ( 0.062 ) ( 0.135 ) ( 0.061 ) ( 2.811 ) ( 0.320 )
( 6.394 ) ( 0.160 ) ( 0.226 ) ( 0.065 ) ( 0.159 ) ( 0.073 ) ( 2.301 ) ( 0.288 )
( 0.036 ) ( 0.015 ) ( 0.022 ) ( 0.007 ) ( 0.021 ) ( 0.008 ) ( 0.858 ) ( 0.028 )
( 0.639 ) ( 0.019 ) ( 0.019 ) ( 0.007 ) ( 0.015 ) ( 0.009 ) ( 1.328 ) ( 0.037 )
( 3.941 ) ( 0.150 ) ( 0.148 ) ( 0.043 ) ( 0.114 ) ( 0.046 ) ( 3.404 ) ( 0.233 )
( 3.270 ) ( 0.140 ) ( 0.145 ) ( 0.041 ) ( 0.107 ) ( 0.045 ) ( 6.065 ) ( 0.247 )
( 2.660 ) ( 0.197 ) ( 0.180 ) ( 0.068 ) ( 0.153 ) ( 0.076 ) ( 3.961 ) ( 0.280 )
( 1.848 ) ( 0.099 ) ( 0.106 ) ( 0.036 ) ( 0.092 ) ( 0.033 ) ( 17.894 ) ( 0.270 )
( 2.383 ) ( 0.143 ) ( 0.183 ) ( 0.055 ) ( 0.145 ) ( 0.060 ) ( 7.600 ) ( 0.365 )
( 9.872 ) ( 0.147 ) ( 0.154 ) ( 0.046 ) ( 0.133 ) ( 0.054 ) ( 3.681 ) ( 0.273 )
( 7.525 ) ( 0.163 ) ( 0.169 ) ( 0.062 ) ( 0.140 ) ( 0.056 ) ( 9.905 ) ( 0.391 )
( 1.866 ) ( 0.136 ) ( 0.150 ) ( 0.052 ) ( 0.154 ) ( 0.052 ) ( 16.739 ) ( 0.229 )
( 1.549 ) ( 0.062 ) ( 0.068 ) ( 0.014 ) ( 0.060 ) ( 0.021 ) ( 7.103 ) ( 0.092 )
( 1.067 ) ( 0.148 ) ( 0.185 ) ( 0.062 ) ( 0.206 ) ( 0.059 ) ( 12.172 ) ( 0.305 )
( 3.610 ) ( 0.273 ) ( 0.197 ) ( 0.087 ) ( 0.157 ) ( 0.097 ) ( 4.142 ) ( 0.494 )
hurdle truncated NB hurdle truncated NB hurdle truncated NB hurdle truncated NB
FM-HNB1 FM-HNB2
靶酦隧鍸 1 靶酦隧鍸 2 靶酦隧鍸 1 靶酦隧鍸 2
23遽1腀詥還鋨莂荦莋苌靶酦隧鍸苌閪镺
软辊腪镍軒跬邬腂
































































































FM-1HNB1-2NB1 24,152.405 24,618.927 24,691.927 -12,003.202 73
FM-2HNB1-1NB1 24,140.486 24,715.651 24,805.651 -11,980.243 90
FM-3HNB1 24,100.481 24,784.289 24,891.289 -11,943.241 107
J=4
FM-4NB1 24,174.611 24,653.915 24,728.915 -12,012.306 75
FM-1HNB1-3NB1 24,138.804 24,726.750 24,818.750 -11,977.402 92
FM-2HNB1-2NB1 24,117.109 24,813.698 24,922.698 -11,949.555 109
FM-3HNB1-1NB1 24,057.032
a 24,862.264 24,988.264 -11,902.516 126
FM-4HNB1 24,063.552 24,977.425 25,120.425 -11,888.776
c 143
銍腪  镜 3 苌銍苰蹑迆芹苦腂
软辊腪镍軒跬邬腂
镜8腀野邔雞鍸苆迮闱韊諮辀腩 J = 3, 4 苌迪趇腪
AIC BIC CAIC 野邔雞鍸
25cell GoF MGoF cell GoF MGoF
FM-3NB1 5 15.884 7.161







c FM-2HNB1-2NB1 50.509 2.192
c
FM-3HNB1 44.313 2.494




FM-3NB1 10 18.420 9.950








c FM-2HNB1-2NB1 60.476 5.586
c
FM-3HNB1 46.884 5.129














c FM-2HNB1-2NB1 73.602 9.283
c
FM-3HNB1 50.326 8.529














c FM-2HNB1-2NB1 76.868 14.672
c
FM-3HNB1 64.126 15.823














c FM-2HNB1-2NB1 82.867 17.347
c
FM-3HNB1 74.242 18.370




镜9腀鍋趇鍸貟鋨腩 J = 3, 4 苌迪趇腪
銍腪  镜 4 苌銍苰蹑迆芹苦腂
软辊腪镍軒跬邬腂
‽″ ‽‴
26